To evaluate the mortality and morbidity related to bowel resection in women with advanced ovarian carcinoma. Retrospective case series of 47 women with stage III and IV carcinoma ovary who underwent bowel resection, over the period of 5 years from Jan 2011 to Dec 2015. The risk factors for perioperative morbidity and death were determined by regression analysis. The disease free and overall survival were determined by Kaplan-Meier plots. In this cohort, 64% (30/47) had primary debulking, 21% (10/47) had interval debulking, and 15% (7/47) had secondary debulking. The mean period of follow-up was 23 months (1 to 45 months). There were no anastomotic leaks. The commonest morbidities were relaparotomy (8.5%), surgical site infection (12%), and paralytic ileus (19%). The overall morbidity was 42.6% (20/47). The 30-day mortality was 4.2% (2/47). The recurrence rate was 51% (20/47). The overall mortality from ovarian cancer in this cohort was 40% (19/47) during the follow-up period. Stage and histology seemed to be important risk factors for morbidity. Low BMI and sub-optimal debulking were significant risk factors for recurrence and death in univariate analysis. Bowel resection, in optimally selected cases of advanced carcinoma ovary, is often required for optimal cytoreduction. It carries a reasonable peri-operative mortality and morbidity and improves overall survival.
Introduction
Ovarian cancer (OC) is a systemic disease which is disseminated along peritoneal surfaces, frequently involving bowel and extending to the upper abdomen. Most patients (up to 70%) will present with advanced stage disease [1, 2] .
Primary debulking surgery followed by platinum and taxane-based chemotherapy is the current standard of treatment [3] . Despite advances in surgical techniques and systemic chemotherapy over the past three decades, ovarian cancer remains the leading cause of cancer death among women with gynecologic malignancies [4] with 5-year disease-free survival rates not exceeding 30% [5] .
An increasing number of studies have shown that there is a significant improvement in survival with cytoreduction to microscopic residual disease (R0) compared to the current definition of BOptimal^cytoreductive surgery (R1 or residual ≤ 1 cm) [6] [7] [8] [9] [10] .
In recent years, there is a trend to improve cytoreduction by maximal surgical effort that involves bowel resection and upper abdominal surgery. A few series of extended surgical procedures including abdominal and diaphragmatic peritonectomy, partial liver resection, and partial pancreatectomy or splenectomy have been published. The resections of parts of the digestive tract, especially the large bowel, are increasingly commonly performed [11] [12] [13] .
Even though this type of surgery is usually performed in expert gynecologic oncology centers, it seems to be associated with a higher rate of intraoperative and early postoperative complications such as bleeding, anastomotic dehiscence, ICU admission, and infection. Diversion loop ileostomies might decrease the incidence and risks of bowel anastamosis. In selected patients, an end colostomy or an ileostomy becomes necessary, which inevitably leads to a significant deterioration of the comfort of living and quality of life. Many patients are not prepared to accept these risks. The advantages of optimal cytoreduction have to be balanced with the risks of extended surgery. It is now clear that if optimal primary cytoreduction is not achievable, then neoadjuvant chemotherapy is a better option.
The purposes of the study were to assess the immediate surgical outcomes after optimal cytoreduction with bowel resection and to find the risk factors of morbidity and mortality.
Method
After obtaining approval by the Institutional Review Board, all patients who underwent bowel resection during cytoreductive surgery for primary or recurrent OC (including fallopian tube and primary peritoneal cancer, collectively referred to as OC for this study) between January 1, 2011 and Dec 31, 2015 at our institute were identified. Electronic medical records including operative reports and discharge summaries were reviewed.
Patient-specific risk factors (including age, body mass index (BMI), CA 125 levels, preoperative albumin, preoperative hemoglobin), intraoperative risk factors (including type of bowel resection, number of resections, perioperative RBC transfusion, operative time, creation of diverting protective stomas at initial surgery), and outcomes (including anastomotic leak, surgical site infection, relaparotomy, paralytic ileus, 30-day mortality, overall survival) were abstracted. Patients were followed until death or last follow-up. Univariate and multivariate regression analyses were used to identify the prognostic factors for disease-free survival.
During the study period, we followed a uniform protocol for our ovarian cancer patients. The preferred management was primary cytoreductive surgery; however, neoadjuvant chemotherapy was given if there was carcinomatosis (massive ascites, extremely high CA 125 levels, or CT scan / laparoscopy showed optimal debulking to be unlikely) or if patient was above 65 years, frail, and a poor surgical candidate (ECOG > 2). All patients had a pre-operative CT scan and was discussed at a multidisciplinary team meeting. Interval debulking was done after 3 to 4 cycles of chemotherapy. Secondary debulking was undertaken if patient's performance status was good, ascites was absent, and, disease was localized and amenable for complete resection. Bowel resection was undertaken only if optimal debulking could be achieved.
Results
During the study period, there were 440 cases of ovarian cancer operated among which bowel resection was done in 47 (10.6%). In this study cohort, 64% (30/47) had primary debulking, 21% (10/47) had interval debulking, and 15% (7/ 47) had secondary debulking. There were 16 patients who had stage IV disease and 31 patients who had stage IIIC disease. The commonest histology was epithelial 91% (43/47) while non-epithelial was 9% (4/47). The median CA125 level was 300 (range 3 to 9010). The baseline patient and tumor characteristics are given in Table 1 .
Optimal cytoreduction, defined as less than 1.0 cm residual disease, was achieved in 35 patients (75%). Twelve patients (25%) had suboptimal cytoreduction. The age, hemoglobin levels, BMI, and serum albumin levels were similar in both these groups. Mean blood loss during surgery was 1575 ml (range 400 to 4500). The mean duration of surgery was 4.9 h (range 3 to 7 h). Operative details are provided in Table 2 . Most patients had extensive and complex surgery that included diaphragm stripping/resection, splenectomy, and peritonectomy in addition to the bowel resection.
Rectosigmoid resection was the most common type of bowel resection (n = 34). Hemicolectomy was performed in three patients, and sigmoid colectomy was also performed in three patients. One patient had total colectomy. Seven cases had small bowel resection (either ileum or jejunum). Eight patients had multiple bowel resections.
In 31 cases, the colon was re-anastomosed using the endto-end or side-to-side anastomosis. Sixteen patients had either an ileostomy or colostomy. About half of the patients had stapled anastomosis which was reinforced with sutures. Deep drains were placed for most patients and removed on return of bowel function.
Four (8.5%) patients had re-laparotomy, 9 (19.1%) patients had post-op ileus, and 6 (12.8%) patients had surgical site infection. No patient had anastomotic leak in our series although it was suspected in two. The 30-day mortality was 2 (4.3%); the first patient died of a myocardial infarction and a massive GI bleed (she had been started on heparin) and the other due to sepsis. The patient outcomes (complications, recurrence, and death) are shown in Table 3 . In univariate analysis, only stage of disease was a significant risk factor for 30-day morbidity and mortality as shown in Table 4 . In multivariate analysis, stage was a significant factor; however, the direction of risk had reversed. It appeared that stage III disease carried more morbidity as compared to stage IV probably because surgery was less aggressive in the latter. Epithelial ovarian cancer had twice the morbidity of non-epithelial cancer. Confidence limits could not be calculated due to small numbers.
The median follow-up time was 30 months (range 3 to 74 and interquartile range 16 to 51). Most patients had 6 cycles of chemotherapy with carboplatin and paclitaxel. Five patients did not take their chemotherapy at our center. Among those who recurred, second and third line chemotherapy were given, the maximum being a total of 24 cycles. Salvage chemotherapy consisted of liposomal doxorubicin and carboplatin with either gemcitabine or topotecan. Some patients were given bevacizumab, temozolomide, or tamoxifen. One patient had radiation and one had secondary cytoreduction with hyperthermic intraperitoneal chemotherapy (SCRS + HIPEC) at recurrence. Radiation was given for localized recurrence that persisted after second-line chemotherapy.
At the end of this study, the overall mortality was 19 (40.0%). Among those who had suboptimal cytoreduction, 50% died (6/12) whereas after optimal cytoreduction, 37% (13/35) had died. Thirty-one patients were still alive at the end of 5 years and 20 patients had recurrence for which they got either second-line or re-challenge chemotherapy. The overall survival and progression-free survival curves are given in 
Discussion
Cytoreductive surgeries performed in patients with advancedstage ovarian cancer are among the most challenging in gynecologic oncology. Since the publication by Griffiths showing that survival is improved if the diameter of residual tumor implants after debulking does not exceed 15 mm, achieving optimal cytoreduction became the main goal of surgery [14] . In fact, the only modifiable risk factor is the extent of surgery and the amount of residual disease. In addition to surgery, adjuvant or neoadjuvant chemotherapy with platinum and paclitaxel is the main stay of treatment [15] . The goal of surgery is to obtain zero macroscopic residual tumor or complete (R0) cytoreduction [16] [17] [18] . Residual tumor deposits less than 10 mm at the end of surgery is still considered optimal [19] . This strategy of maximal surgical effort sometimes requires multi-organ resections adding to the complexity of surgery. Most commonly, parts of the digestive tract are resected, especially the large bowel.
In 2003, Bristow and co-workers published the results of surgery in 31 patients with stage IIIB and IV disease in whom rectosigmoid resection with stapler anastomosis was performed [20] . The radical cytoreduction defined as no tumor residues larger than 10 mm was achieved in 87% of patients. There was no peri-operative mortality, and the average blood loss was 700 ml. Anastomotic dehiscence occurred in one patient. The overall rate of large bowel (dehiscence, bleeding) and small bowel (fever, wound infection, pneumonia) complications was 12.9 [22] . The most often performed operative procedure in this group of patients was resection of the sigmoid and rectum (76.3%). Colostomy was performed in 61% of patients. Optimal cytoreduction was achieved in 71% of patients. Perioperative complications included one anastomotic dehiscence (2.6%), one enteric fistula (2.6%), and two inter-loop abscesses (5.3%). Reoperation was required in three patients. During 30 days after the surgery, three patients died [22] . All aforementioned authors were unanimous that cytoreduction with bowel resection, most often of the sigmoid and rectum, gives good results and the rate of perioperative complications is acceptable. In 2007, Bidzinski et al. published their experience in performing rectosigmoid resection or colectomy in patients with FIGO stage III and IV ovarian cancer [13] . This series from 2007 consisted of 39 patients treated in a single center. They were able to achieve a radical cytoreduction (macroscopic implants < 10 mm) in 32 patients (82%). There were three (7.6%) cases of anastomotic dehiscence, and one patient developed intestinal obstruction (2.5%). The average blood loss was 1120 ml, and the average surgery time was 175 min. There were no perioperative deaths. Colostomy was performed in 36.4% of 39 patients. In 2012, Peiretti and co-workers published the results of the multicenter study which was conducted between 1998 and 2008 that included 238 patients with carcinoma of the ovary, fallopian tube, and peritoneum where rectosigmoid resection was performed as a part of cytoreductive surgery [23] . Stapled anastomosis was performed in 98% of patients. Ileostomy was performed in two (0.8%) and colostomy in five (2%) of the patients. Complete cytoreduction was achieved in 41% of the patients. Anastomotic dehiscence occurred in nine patients (3%) [23] . Anastomotic dehiscence is one of the most serious complications related to bowel surgery, especially in rectosigmoid resection with low anastomosis. The incidence of this complication is between 2.8 and 23% for resections of colonic cancer and between 0.8 and 6.8% for gynecologic cancers [20, 21, 24, 25] . A higher rate of complications after non-gynecologic surgeries may be due to pre-operative radiation for rectal cancers. The mortality from anastomotic leaks ranges from 7.3 to 16%, and approximately one third of deaths related to colorectal surgery is due to this complication [26, 27] . Our rate of optimal debulking, stoma rate, and perioperative morbidity and mortality are comparable to other reports on cytoreductive surgery for ovarian cancer.
The factors contributing to a higher risk of anastomotic dehiscence include protracted surgery, blood transfusion, and short distal segment of anastomosis. It was suggested that diverting ileostomy or colostomy might protect against this complication. On the other hand, overall rate of complications associated with en-bloc resection of the uterus and adnexa with tumor-infiltrated rectosigmoid without protective ileostomy is low, around 2% [28] . Therefore, ileostomy should not be performed on a routine basis but only in specific situations such as poor nutrition, significant ascites, anastomosis under tension or multiple anastomoses [29] . Similarly, Hartmann's procedure should be reserved only for patients with significant comorbidities or as a Bsalvage procedure^ [30] .
Thorough preoperative work up is a prerequisite of optimal cytoreduction. Well-selected imaging studies may help to [31] . Magnetic resonance imaging with diffusion-weighted imaging is very efficient in demonstrating the infiltration of adjacent organs and small peritoneal implants [32, 33] . Several papers have addressed the issue of influence of extended surgery on survival. One of the first papers was published by Scarabelli and coworkers [35] . Two-year survival reached 100% for patients without macroscopic tumor after surgery and 77% for patients with foci of 1 cm diameter. None of the patients with residual disease larger than 2 cm had survived 2 years [34] . According to the results of Takahashi and co-workers, the 5-year cumulative survival rate was 60.8% in patients without residual disease and 0% in patients with macroscopic disease [35] . It was observed that cumulative 5-year survival in patients undergoing primary radical cytoreductive surgery with bowel resection was 62.2%, while that in patients operated after neoadjuvant chemotherapy, survival was only 13.9% [35] . Arora analyzed a group of 203 women with FIGO stage IIIC and IV ovarian cancer operated during a 10-year period [36] . In 51 patients from this group, optimal cytoreduction was achieved with bowel resection. The median follow-up time was 84 months (range 28-159 months). Two-year disease-free survival was reached by 63% of patients. Priretti et al. showed that recurrence occurred in 50% of 238 patients [23] . However, only 5% of them showed a relapse at the level of the pelvis whereas 8% presented with abdominal recurrence associated with pelvic disease as well. The median overall survival time among patients with complete cytoreduction was 72 months compared with 42 months among the rest of the patients (P = 0.002) [23] . In the present study, we achieved optimal cytoreduction in 75% of patients with a third of patients having a stoma. There were no anastomotic leaks although we did lose two patients within 30 days. The 5-year overall survival was 66% which is comparable to other reports on cytoreductive surgery for ovarian cancer where optimal debulking is achieved.
In our series, patients were carefully selected for bowel resection. All patients had pre-operative CT imaging. Although we included stage IV disease, survival outcome was good as we were able to achieve optimal debulking by excising inguinal nodes and umbilical nodules. Our neoadjuvant chemotherapy rate was 40% during the period of this study and only those who responded at least partially to chemotherapy would have had bowel resection. Our low morbidity rates could be attributed to careful selection of cases, liberal use of a diverting stoma, and good intra-operative and post-operative care.
All our patients were managed by a dedicated medical oncologist after surgery and would have had at least 6 monthly CA 125 estimations and annual imaging. Recurrences were managed by rechallenging with carboplatin and paclitaxel or second-line chemotherapy. Those who were amenable to secondary cytoreduction were offered a second surgery. The relatively good survival data for our patients pertains not to all those with stage IIIC and IV but only those who underwent bowel resection. There would be a degree of selection bias as the most severe cases where optimal debulking was unlikely were excluded. The majority of our patients had optimal cytoreduction. Many of our patients had multiple lines of chemotherapy and other salvage treatments. The median followup time was 30 months as many died before this or were lost to follow-up. With a longer period of follow-up, more recurrences and deaths could be expected.
Several studies have shown that the amount of residual disease is an important determinant of survival [37, 38] . Although biology of the tumor is very important, the only modifiable risk factor for recurrence and cancer-related death is the amount of residual disease. Women in whom residual disease is zero can have long-term survival with good quality of life, even after extensive abdominal surgery. It remains to be proved whether hyperthermic intraperitoneal chemotherapy (HIPEC) can increase overall survival without increasing the perioperative morbidity and mortality. Since there are more chemotherapeutic options now, post-progression survival is a better correlate of overall survival than progression-free survival [39] .
Conclusions
Bowel resection enables optimal cytoreduction in patients with advanced ovarian cancer and thereby improves overall survival. The perioperative morbidity and mortality can be minimized by careful patient selection, operative techniques such as diverting stomas, and attention to post-operative care.
